oral warfarin treatment. This is plausible in view of the short half-life of these inhibitor proteins in comparison with coagulation factors IX and II. Thromboelastography, which has recently been used to measure the activity of both internal end external coagulation pathways, is an in vitro model of the coagulation system. In this study, we used thromboelastography to investigate whether early warfarin treatment, started simultaneously with UFH before reaching the aPTT therapeutic level, causes an increased risk for coagulation among patients with PTE.
Patients and Methods
All patients with PTE, diagnosed at Karadeniz Technical University School of Medicine between November 2006 and July 2007, who did not have any of the exclusion criteria listed below and who had agreed to take part in the study and given written informed consent, were included in the present study. The exclusion criteria were: massive PTE requiring thrombolytic treatment, use of anticoagulant before admission, administration of UFH and low molecular weight heparin before reaching our hospital and presence of a contraindication to UFH or warfarin. The study was conducted at Farabi Hospital, a tertiary care hospital at Karadeniz Technical University (Turkey), and was approved by the Ethics Committee. All patients were diagnosed using spiral computed tomography of the thorax in the angiography protocol (Siemens Sensation 16 Detector, Erlangen, Germany).
Patients were sequentially slotted into early (n = 16) or delayed (n = 17) warfarin treatment groups with respect to the timing of oral anticoagulant warfarin. In the early treatment group, both UFH (80 U/kg bolus and 18 U/kg/h infusions, maximum 35,000 U/24 h) and warfarin (starting at 10 mg/day) were given simultaneously. In the delayed treatment group, the same dose of warfarin was added (1-3 days after the start of heparin) based on when aPTT reached the 1.5-to 2.5-fold of the mean of the normal value with UFH. Both the aPTT and the international normalized ratio (INR) were monitored daily. When the INR was between 2 and 3 on 2 consecutive days, the UFH was discontinued in both groups and the treatment was continued with warfarin alone.
The demographic characteristics of the patients, as well as the clinical properties and risk factors related to thromboembolism were recorded. Parameters that could be affected by the treatment, such as protein C or S (Microplate Absorbance Reader, BioTek Instruments, USA), and D-dimer (STA Compact, Diagnostica Stago, France), as well as the thromboelastogram (Rotem System, Pentapharm GmbH, Germany) were measured both prior to treatment (basal) and after 6, 24, and 48 h of oral anticoagulant treatment. Intergroup and intragroup differences in clotting time (CT) values obtained from the thromboelastogram and in protein C and S, and D-dimer values were compared with respect to the change in the time period. In the delayed treatment group, the above-mentioned parameters were measured again, as a second basal value prior to the initiation of oral anticoagulant treatment. Complete blood counts were evaluated daily because of the potential risk for treatment-associated hemorrhage and thrombocytopenia. Intergroup and temporal (basal and at 6, 24, and 48 h) hematocrit and platelet counts were compared.
Statistical Analysis
The Kolmogorov-Smirnov test was used to determine whether the metric data obtained by measurement (continuous data) for the statistical analysis were normally distributed. The analysis of metric data was performed via parametric tests since the data were normally distributed. Metric data of both the early and late treatment groups were compared using Student's t test and the comparison of qualitative data was performed with Fisher's exact test.
Changes in metric data with time in either group (early or delayed groups) were evaluated via variance analysis (paired t test for post hoc) for repeated measurements. Metric data were expressed as the mean 8 standard deviation, whereas discrete data were expressed in numbers (%). Significance level was assumed to be p ! 0.05.
Results
Patient characteristics are given in table 1 . The most common symptoms on presentation were dyspnea: 81%; pleuritic chest pain: 60%; hemoptysis: 24%, and others: 12%. There were no differences between the groups regarding symptoms on presentation and risk factors predisposing to embolism. The emboli were located in the main pulmonary, lobar or segmental arteries in 66, 78 and 78% of patients, respectively. Because of multiple locations, the total exceeded 100% and the localizations were similar in both groups. 
Results of Measured Parameters
Protein C levels were significantly lower than baseline at 6, 24, and 48 h after treatment in both groups. A maximum decrease of protein C was observed at 24 h of warfarin treatment in both groups. This decrease was determined to be approximately 15% in the delayed and 21% in the early treatment group ( table 2 ) . However, no significant differences existed between the groups with respect to changes in protein C values over time.
Nevertheless, no significant difference was detected between the groups with respect to the 6-, 24-, and 48-hour values in protein S levels, as well as in chronological changes in comparison with basal values. While maximum suppression in the delayed treatment group was observed at 48 h of warfarin treatment, no suppression occurred with respect to the protein S values in the early treatment group ( table 2 ) .
Although the basal D-dimer value in the early treatment group was lower, no significant difference was detected between the basal value and the values at 6, 24, and 48 h after treatment. Moreover, there were no significant differences between the changes over time ( table 2 ) .
In the early and delayed treatment groups, there was no statistically significant change in hematocrit values with respect to intergroup comparison and time. Although a significant difference was observed in platelet counts according to time in the delayed treatment group, no such difference was observed in the early treatment group. When the two groups were compared, a statistically significant difference in platelet counts was found after 6 and 48 h of warfarin treatment.
Thromboelastography
There was a significant difference in INTEM CT over time with anticoagulant treatment in both the early and delayed treatment groups ( fig. 1 a) , it prolonged to 255 s at 6 h ( fig. 1 b) . However, when the two groups (early and delayed treatment groups) were compared with each other, no significant difference was observed. The change in EXTEM CT was similar to that in INTEM CT ( table 3 ) . The change with time was statistically significant in both groups, and no difference was shown between the groups. 
Adverse Events
In the early treatment group, 1 patient had hematuria, another UFH-dependent thrombocytopenia not requiring cessation of UFH and a 3rd had both nonmajor subdermal hematoma and hematuria. In the delayed treatment group only 1 patient had hematuria. During the hospitalization period, urinary tract infection developed in 3 patients in the early and hospital-acquired pneumonia developed in 1 patient in the delayed treatment group. The mean hospitalization period was 10 8 1.8 days for the early and 13 8 3.2 days for the delayed treatment group (p = 0.02).
Discussion
It is known that the oral anticoagulant warfarin has a suppressor effect on the activity of the natural anticoagulant proteins, protein C and its cofactor protein S. This suppressor effect of warfarin begins before its inhibitory effect on vitamin K-dependent coagulation factors (factors II, VII, IX, and X) [7] . Weiss et al. [8] reported a rapid decrease in the level of protein C at the beginning of warfarin treatment, while other vitamin K-dependent coagulation factors had higher levels. Equally, Sakata et al. [9] observed a significant reduction in protein C and factor X levels in patients with INR 1 2.5. In our study, we did not monitor the chronological change in protein C and S values in comparison with basal values in both the early and delayed treatment groups. The difference in protein C levels found between the two groups at 6, 24, and 48 h may be related to the lower basal protein C levels in the early treatment group. However, the rate of decline in protein C levels was not different between groups.
There are limited studies investigating the early prothrombotic effect of warfarin. The reason for using thromboelastograms in the present study was to observe the net effect of the two opposing mechanisms of warfarin under in vitro conditions, which are similar to in vivo conditions. As expected, INTEM CT and EXTEM CT significantly prolonged in both early and delayed groups after the start of anticoagulant treatment, however, the prolongation of INTEM CT and EXTEM CT was not different between the groups at 6, 24, and 48 h after treatment. These findings suggest that despite the lower levels of protein C in the early treatment group at 6, 24, and 48 h, this difference did not increase the tendency for coagulation based on the thromboelastogram, which is an in vitro model of the coagulation system. In a study by Mohiuddin et al. [4] investigating the safety and efficacy of starting warfarin early or late, no difference was found between the two groups regarding the duration of treatment, hemorrhage, recurrent thromboembolic events, and mortality rate prior to the discharge of patients and the duration of hospitalization. Equally, in another study by Gallus et al. [3] with preexisting thromboembolism no significant difference was observed between the early and delayed wafarin groups regarding the recurrence of venous thromboembolism, mortality, and hemorrhagic complications. Similar results were also reported in two other studies [5, 6] .
Heparin may rarely cause thrombocytosis in addition to its more frequent thrombocytopenic effect. This thrombocytotic effect is considered to be associated with potentiation of megakaryocytopoiesis with the inhibition of platelet factor 4 [10] . Cases with thrombosis, particularly resulting from the use of low molecular weight heparin, have been reported [11, 12] . In the present study, the platelet count increased significantly over time in the delayed treatment group.
Thrombocytopenia developed in 1 patient (3%) in our study in the early treatment group on the 3rd day of treatment. The rate of thrombocytopenia was reported as 6% by Kakkasseril et al. [13] in patients receiving intravenous UFH and seen more commonly in patients treated for more than 10 days. It is thought that nonimmune heparin-induced thrombocytopenia is caused by a direct agglutinating effect of heparin on platelets. The second type, immune-mediated thrombocytopenia (formerly called type II HIT, now simply HIT) is associated with an increased risk of thrombosis and usually develops between 5 and 14 days after heparin treatment [14, 15] . A decrease in platelet counts exceeding 50% is particularly indicative of HIT [16, 17] .
Conclusion
Our results showed that the suppressor effect of warfarin on proteins C and S in the early period did not aggravate the risk of clot formation, as assessed by thromboelastography, in patients in whom warfarin was started simultaneously with UFH. Moreover, early addition of warfarin might reduce the incidence of complications resulting from UFH treatment, such as hemorrhage, thrombocytopenia, allergic reactions, as well as hospital-acquired infections and hospital costs by shortening the duration of hospitalization.
